Bone marrow stem cells (BMSCs), like all stem cells, share at least two characteristics. Firstly, they can make identical copies of themselves for long periods of time, a process described as long-term self-renewal. Secondly, they can give rise to mature cell types that have characteristic morphologies and specialized functions. 10 Besides, stem cells in adults can generate the specialized cell types of another tissue from which they normally resideeither a tissue of the same embryonic germ layer or a different germ layer. 11 This characteristic of stem cells is termed plasticity or transdifferentiation. 12 For example, a BMSC, which is a mesodermal derivative, may differentiate into another mesodermally derived tissue such as skeletal muscle 13 or ectodermally derived tissue such as neural tissue. 14 Mesenchymal stem cells (MSCs) in bone marrow are distinct from hematopoietic stem cells, and may differentiate into osteoblasts, chondroblasts, adipocytes, or hematopoietic supporting stroma. [15] [16] [17] They are readily isolated from patients by bone marrow aspiration and expand in culture by up to 1 billion-fold in 8 weeks. 18 These appealing features make MSCs a good candidate for potential therapeutic applications. Bone marrow-derived MSCs can differentiate into cardiomyocytes following treatment with chemicals, 19 growth factors, 20 and microenvironments in vivo. 21 These findings suggest the potential for use of BMSCs as a cell source for salivary gland tissue engineering. In this study, we hypothesized that BMSCs could transdifferentiate into parotid ACs by co-culturing with ACs. We isolated rat parotid ACs and BMSCs. By using a double chamber co-culture system, the transdifferentiation of BMSCs was evaluated.
Methods
All animal studies were performed according to a protocol approved by the review board of the College of Medicine, National Taiwan University.
Isolation and culture of ACs
Parotid ACs were obtained from 7-day-old Wistar rats by the explant outgrowth technique without collagenase treatment as previously described. 9, 22 Briefly, using sterile techniques, the thin fascia covering the parotid gland was carefully removed to expose the gland tissue, and then the parotid gland was cut into small fragments of about 1 mm 3 . The tissue fragments were then cultured at 37°C in a 5% CO 2 atmosphere in a humidified incubator with M199 culture medium (Biochrom AG, Berlin, Germany) supplemented with 20% fetal bovine serum (FBS) (Biological Industries, Beit Haemek, Israel) and antibiotic-antimycotic (penicillin G sodium 100 U/mL, streptomycin sulfate 100 μg/mL, amphotericin B 0.25 μg/mL; Gibco BRL, Grand Island, NY, USA). Cells released from the tissues grew to confluence in approximately 6-8 days. At approximately 90% confluence, tissue fragments in the suspension were removed with the medium and the adherent cells were subcultured on two 100 mm culture dishes (Corning Inc., Corning, NY, USA) for another 4 days. Under these conditions, cell division and growth continued to yield enough cells for further identification and co-culture of the cells. The second passage of ACs was used.
Identification of ACs
ACs were identified by immunocytochemical analysis before co-culture. A portion of the cultured cells were plated on the cover glass for fixation with 2% paraformaldehyde-0.1% Triton X-100 (Sigma, St. Louis, MO, USA) in phosphate-buffered saline (PBS) for 30 minutes, washed with PBS five times, and blocked with 2.5% nonfat milk for 30 minutes. The primary antibody was polyclonal anti-α-amylase antibody (Sigma), and rhodamineconjugated secondary antibodies (Chemicon International Inc., Temecula, CA, USA) were allowed to react with the cells for 30 minutes at room temperature to visualize the signal. Immunostained ACs were identified by indirect fluorescence under a fluorescence microscope (Axiovert 200 M; Carl Zeiss AG, Hallbergmoos, Germany), and the cultured cells were then prepared for co-culturing with BMSCs.
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Isolation and culture of BMSCs
Bone marrow cells were harvested from the femur and tibia of 7-week-old male Wistar rats. Animals were anesthetized by an overdose of ethyl ether. Tissue was removed and the ends of the bone were cut. Bone marrow was collected by a syringe with a 21-gauge needle. Marrow was mixed (1:9, v/v) with a buffer containing 0.8% ammonium chloride and 10 μM EDTA (Sigma) for 10 minutes to lyse red blood cells. After 24 hours, the adherent cells were kept for culture and spindleshaped large cell colonies that had been identified as MSCs were observed under the microscope in these adherent cells. However, there were still some small stem cells in the non-adherent cells that required a longer time to adhere. Therefore, the non-adherent cells of the supernatant were also collected by centrifugation at 2000 rpm for 5 minutes and plated on the 100 mm culture dish containing Dulbecco's Modified Eagle's Medium (DMEM; Biochrom AG) supplemented with 20% FBS (Biological Industries) and antibioticantimycotic (penicillin G sodium 100 U/mL, streptomycin sulfate 100 μg/mL, amphotericin B 0.25 μg/mL; Gibco BRL) and incubated at 37°C with 5% humidified CO 2 . The small MSCs adhered to the culture dish after 24-48 hours and were collected by treating with 2 mM EDTA/ PBS for 5 minutes. 23 Both the spindle-shaped large cells collected first and the small cells collected later were re-suspended for culture and identification of BMSCs as well as prepared for co-culturing with ACs.
Identification of BMSCs
BMSCs were identified by adipogenic induction and observed by Oil Red-O staining. 24 Before induction, the cells were labeled with Oil Red-O stain to ensure the absence of adipocytes. The isolated cells were then plated on the glass cover slip of a 60 mm culture dish (Nunclon; Nalge Nunc International, Roskilde, Denmark) at 104 cells/mL for 3 days, and then subjected to adipogenetic differentiation medium for 3 weeks. Adipogenetic differentiation medium consisted of DMEM supplemented with 20% FBS, 100 U/mL penicillin, 100 μg/mL streptomycin, 0.1 mM nonessential amino acid with adipogenetic stimulants (AD) consisting of 0.5 mM 3-isobutyl-1-methylxanthine (Sigma), 1 μM dexamethasone, 5 μg/mL insulin, and 50 μM indomethacin. The culture was maintained at 37°C in a 5% CO 2 atmosphere in a humidified incubator with the medium changed twice per week. 
Co-culture system
BMSCs were co-cultured with parotid ACs in a double chamber system by plating ACs on the upper inserts and BMSCs at the lower culture plate area ( Figure 1 ). The ratio of cell density was 1:4 for BMSCs and ACs. BMSCs were treated with 1% EDTA (Sigma) and re-suspended with M199 culture medium at a density of 2 × Evaluation of the effects of the co-culture system Every 1 week after co-culture, BMSCs were immunofluorescence stained to identify expression of the AC phenotype. After removing the medium and the inserts, the BMSCs in the lower part of the culture plate were examined by immunocytochemical analysis for ACs as described previously. The cell nuclei of the BMSCs were also stained with 4′6-diamidino-2-phenylindole-2HCl (DAPI; Sigma). 
Statistical analysis
The ratio of BMSCs immunopositive for α-amylase antibody to that for DAPI was calculated and analyzed by Student's t test. Data are presented as mean ± SEM, and statistical significance defined as p < 0.05.
Results
Identification of ACs
The explant outgrowth technique and M199 medium were used to culture parotid ACs from 7-day-old Wistar rats. Cells were subcultured for 4 days to about 90% confluence to obtain sufficient cells. By using Triton X-100, cell membranes could be perforated and easily stained. The expression of α-amylase in the cells was determined by immunocytochemical staining. Production of α-amylase is one of the most characteristic functions of ACs. Use of the explant outgrowth technique and M199 medium preserved the typical phenotype of ACs.
Identification of BMSCs
Bone marrow cells were aspirated from 7-week-old male Wistar rats. To assess the plasticity of the collected cells, we examined their ability to differentiate into adipocytes. Initially, the cells did not stain positive with Oil Red-O. After culture with adipogenic inducers for 3 weeks, however, cytoplasmic accumulation of oil droplets stained with Oil Red-O ( Figure 2) were found in the inducted cells, indicating that the cells obtained from bone marrow were indeed stem cells.
Evaluation of the effects of the co-culture system
Immunocytochemical analysis was performed every week after the start of co-culture to determine the expression of the AC functional protein, α-amylase, to determine whether BMSCs could transdifferentiate into ACs. Figures 3 and 4 show the expression of α-amylase, indicating the transdifferentiation of BMSCs after co-culture for 1-3 weeks. Nuclear staining with DAPI was used to determine the total number of cells and the results allowed easy calculation of the percentage of transdifferentiation of BMSCs into ACs. The ratio of BMSCs expressing α-amylase was calculated. At weekly intervals after the start of co-culture, three wells of BMSCs were examined and then three additional wells were examined under the same conditions, i.e. six wells of BMSCs (n = 6) were examined in order to calculate the ratio. Expression of α-amylase was found in approximately 30 ± 4.6% of cells after 1 week of co-culture, 50 ± 4.5% after 2 weeks, and 50 ± 2.3% after 3 weeks. None of the control group experiments, which involved BMSCs alone, showed expression of α-amylase.
There was a significant difference in expression of α-amylase every week after co-culture between the experimental and control groups (p < 0.001).
Morphologic investigation of cells
Isolated ACs were shown to be spindle shaped ( Figure 5A ). Before transdifferentiation, the BMSCs were either of similar morphology-large spindle shaped, or small round shaped ( Figure 5B ). Figure 5C shows that the morphology of the transdifferentiated cells was like that of ACs.
Discussion
Development of an effective implantable artificial fluid-secreting device for the treatment of patients who lose functional salivary epithelium because of irradiation for head and neck cancer is an urgent need. Currently, there is no effective preventive treatment or therapy for patients whose salivary function has been seriously damaged. Considering the immune reaction, if an allograft is used, it will lead to a stronger immune response. This problem can be circumvented by using autologous healthy ACs. In this study, we successfully established a model of transdifferentiation of BMSCs into ACs by using a double chamber system, by using an explant outgrowth procedure without tissue digestion to successfully maintain the growth and phenotypic expression of primary cultures of rat parotid ACs. In this study, we examined the ability of rat BMSCs to differentiate by adipogenic induction. Small rapidly-renewing cells were previously found in bone marrow and were identified as small MSCs. 25 These small cells (≤ 5 μm) take more time to adhere to the dish and therefore should be collected more carefully. Both the spindle-shaped large cells and small cells were used in our experiments. Oil Red-O staining indicated that these cells may differentiate into adipocytes after induction. The identified BMSCs were co-cultured with ACs. M199 medium with 20% FBS was used because of its greater suitability for AC growth. 9 We found that the longer the time of co-culture, the higher the rate of transdifferentiation of BMSCs. However, transdifferentiation was limited to up to about 50%. After 1 week, approximately 30% of BMSCs could express the functional protein of ACs. This ratio increased to 50% at 2 and 3 weeks. Expression of α-amylase in the cytoplasm increased and was more easily observed with time.
The morphologic changes in the BMSCs after coculturing with ACs also showed increased similarity to ACs as shown in Figure 5 .
BMSCs were seeded at a density of 2 × 10 4 cells/well in a 12-well plate and proliferated to 2 × 10 5 in each well after 2 weeks of co-culture. The ratio of transdifferentiation after 2 weeks was 50%, which meant that about 10 5 acinar-like cells would be obtained. Co-culture of BMSCs with respiratory epithelial cells 26 and cardiomyocytes 27 by direct cell contact has been shown to induce transdifferentiation, but not without direct cell contact. These studies indicated that an indirect method would be more difficult than a direct contact co-culture system. This was a novel study that showed the possibility of transdifferentiation of BMSCs into ACs. The results showed the effect of an indirect co-culture method for transdifferentiation of BMSCs. However, further studies are needed to test the function of these acinar-like cells and their phenotypic similarity to ACs, which will determine their potential to serve as an unlimited cell source for the development of an artificial salivary gland for the treatment of patients with salivary hypofunction. Further studies are necessary for investigating the signal transduction and mechanisms involved in the transdifferentiation of BMSCs into ACs. Different co-culture systems will also be compared to find the best method for transdifferentiation of BMSCs into ACs. Animal experiments could then be established for the tissue engineering of salivary glands.
